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1. fAn intermediate-temperature high-performance
Na-ZnCl, b a t t ACS Pmega (revision)

2. Decorating b e t-adumjina solid-state electrolyte
with submicron Pb spherical particles for improving
Na wettability atJNMatewer |
Chem. A (web published)

3. fiNi-lessj cathodes for high energy density,
intermediate temperature Na-NiCl, b at t eAdv. e s
Mater. Interfaces 5, 1701592 (2018).

4. A An adv a-Ni€lgattely asing bi-layer

(dense/micro-porous) b nhplumina solid-state
el ect rJoPowdr 8osiroes 396, 297 (2018).
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Outline \7/
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» Introduction

» Cathode development
» Polymer durability

» Na wettability

» Large cell testing
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Pros & Cons of Na-Metal Halide Batteries <
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C NaMetal Halide(NaMH or Zebra Battery: (FSonic, GEZhaowej etc)
2Na+ NiCJU 2NacCl + Ni (T=28@, 2.58 \y

B Zebra (286C) ITNa-MH (~190C)

Easy cell assembly

Low fire hazard

Safe celfailure mode

Lower operating temperature
Low cost (~$100/kWh)
Simple BMS

Longer cycle life

0 Easy cell assemhbly
Noneed of metallic sodium

o Low fire hazard
All inorganic compounds

o Safe celfailure mode
3Na + NaAICY 4NaCl + Al

Pros

©O OO O O OO

o

Highoperating temperature
Cons 0 High cost (~$1000/kWh)
o Complicated BMS

o Newtechnology
o Maturity
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_Schematic View of Na-NICl, Batteries <
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Na-NiCl, Batteries Operated at 190 vs 280°C %
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Lowering Ni Contents at 190°C <
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Long Term Cycling of Cells Sealed with \7/

Polymers
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C Current cycle number > 2400 cycles (~3
years)

C Extrapolated cycle number > 6000 cycles
for remaining 60% capacity

C Stable cell performance for the operating
temperature of 2258C
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Improving Na Wettability at Lower Operating \7/
~ Temperatures Northy
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C Surface tension of Na (200N/m) >> HO (73mN/m)

Poor Na Wetting Good Na Wetting

Cathode Cathode
@ © o Na ™ Na

Surface modification:

C Pbacetate heat treatment (Iy

C Superior Na wettability for
400°C treatment

C Spherical micro®Pbparticles
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